Background Baseball players are susceptible to a number of specific upper extremity injuries secondary to batting, pitching, or fielding. Fractures of the hook of hamate have been known to occur in batters. The purpose of this study is to present our experience with the surgical management of hook of hamate fractures and their short-term impact on the playing capability of competitive baseball players. Methods A retrospective chart review was performed on patients with hook of hamate fractures between the years 2000 and 2012. The inclusion criteria were (1) hook of hamate fracture, (2) competitive baseball players, and (3) surgical treatment of the injury. Patient demographics, mechanism of injury, surgical treatment, and outcome were collected from the medical records. Information on return to play was collected from the Internet when applicable. Results There were seven male patients that underwent eight procedures. The mechanism of injury was attributed to batting in six cases and rogue pitches in two cases. All surgeries consisted of hamate hook excision and ulnar tunnel decompression. One patient had concomitant carpal tunnel release. The median time between surgery and return to play was 5.7 weeks (range, 4.3 to 10.4 weeks).
Introduction
Fractures of the hook of the hamate comprise 2 to 4 % of all carpal fractures and occur most frequently among individuals who play golf, racquet sports, or baseball [24] . Baseball batters are exposed to either acute fractures or chronic stress injuries secondary to the impingement of the bat against the hook of the hamate during a batting swing [23] . These injuries often present as deep, ill-defined ulnar-sided wrist pain and routine radiographs may not identify the fracture.
Although a number of studies have reported the diagnostic and therapeutic management of hook of hamate fractures in athletes, and in baseball players specifically, many accounts were published over 20 years ago [3, 5, 16, 23, 27, 28] . Over the past few decades however, athletic performance across the board has improved due to improved training techniques, nutrition, technology, and equipment [6, 8, 11, 21, 29] . Current competitive athletes therefore are not entirely representative of their predecessors a few decades ago. The purpose of this study was to present a revised account of the etiology and management of hook of hamate fractures and their short-term impact on the playing capabilities of competitive baseball players.
Materials and Methods
This study was approved by our institutional review board and was conducted accordingly under its protocol and guidelines. A retrospective chart review of competitive baseball players treated for fractures of the hook of hamate between the years 2000 and 2012 was performed. The inclusion criteria were (1) hook of hamate fracture, (2) competitive baseball players, and (3) surgical treatment of the injury. Players were considered competitive if they participated at the high school, college, or professional level and were active members of their team at the time of injury. Individuals under the age of 18 were excluded from the study. Variables recorded from the medical records included basic patient demographics, the mechanism of injury, clinical findings, preoperative imaging, surgical diagnosis, surgical treatment, and complications. Information regarding the athlete's return to play was collected from the Internet when not available in the medical record.
Eight hook of hamate fractures in seven competitive baseball players were identified. All patients were males and included three professional players (one major league, two minor league), three collegiate players, and one high school player. The subjects had a mean age of 21.7 years (range 18-26 years) at the time of surgery. The mechanism of injury was attributed to batting in six cases and a direct hit by a pitch in two cases. The dominant hand was involved in four cases. Out of the players that were injured during batting, all right-handed batters injured their left hand, while all left-handed batters injured their right hand. One of the two players who batted both right and left-handed presented with bilateral hamulus fractures. Background player information is summarized in Table 1 .
Of the eight fractures, two were considered nonunions. One patient had received conservative treatment that consisted of immobilization with an ulnar gutter splint for 6 weeks, several months prior to presentation (patient #1). The second patient, patient #7, had been symptomatic for 3 months prior to presentation and a CT scan demonstrated evidence of nonunion ( Fig. 1 ). During clinical examination, patients had pain or tenderness over the hook of hamate on the volar surface of the hand. Only one patient reported paresthesias of the small and ring fingers. None of the patients demonstrated clawing or weakness or wasting of the intrinsic hand muscles. Three of the patients exhibited a positive Tinel's sign at Guyon's canal. The presence of a clinically suspected hook of hamate fracture was always confirmed with imaging studies. The modality of preoperative imaging varied. Posteroanterior and lateral plain films were initially obtained to rule out hook of hamate as well as other hand and wrist bony pathology. However, when the plain films were deemed inconclusive or negative, a CT scan or MRI was obtained. A summary of the physical findings for each patient is shown in Table 2 ( Figs. 1 and 2) .
The surgery performed to treat this injury was excision of the hook of the hamate. This procedure was performed under either regional or general anesthesia, with tourniquet control. A Bruner-type incision was made starting just proximal to the wrist crease and extended over Guyon's canal. Skin flaps were elevated and all bleeding was controlled with microcautery. The ulnar nerve and artery were identified proximally and followed distally, releasing Guyon's canal. The ulnar nerve was followed to its deep branch and the deep arterial branch and mobilized. The sensory branches of the ulnar nerve were also mobilized. At all times, care was taken to avoid undue traction to the ulnar nerve and its branches. Ulnar nerve decompression was routinely performed in our patients as a preemptive step to avert postoperative ulnar nerve palsy, either due to compression within Guyon's canal secondary to postoperative swelling or due to iatrogenic retraction [26] , and to improve visualization of the neurovascular structures, as the deep motor branch of the ulnar nerve is at risk during both the dissection and excision of the hook of the hamate [14, 26] . The transverse carpal ligament was released from the hook of the hamate, but the attachment to the pisiform was preserved. The hook was observed, and subperiosteal dissection was carried out to facilitate removal of the hook, which was found to be loose. The base of the hook was then rongeured and rasps were employed to further smoothen the base of the fracture. The fingers were then passively moved to ensure that there was no impingement between the flexor tendons and the underlying resurfaced hamate. The wound was copiously irrigated and the tourniquet was deflated. Finally, the wound was closed in layers and a sterile dressing and a short arm splint were applied. One patient had concomitant carpal tunnel release due to symptoms consistent with carpal tunnel syndrome.
Postoperatively, a volar splint was applied for 3-4 weeks. Return to play was encouraged 4-6 weeks after surgery.
Results
With regard to the impact of these injuries on the playing capabilities of the athletes, three patients continued to play with the injury until the conclusion of the season (two collegiate, one minor league). Patient #1 was treated by cast immobilization for 6 weeks, followed by rehabilitation for 2 weeks at the initial time of injury. This resulted in asymptomatic fibrous nonunion, confirmed by CT scan. Although this collegiate player was able to play a whole season without further aggravation of his right hand injury, he was expecting to be drafted into a professional team. Surgery was therefore performed to prevent future aggravation of the nonunion. The time between injury and surgery was 9 months. Patient #4, also a collegiate player, continued to participate in games for almost 2 months after his injury and eventually had surgery at the end of the season. In the interval, he had received a steroid injection with minimal relief by a separate physician. Patient #5 played for 2 weeks with the injury until the end of the season. At the initial time of injury, the patient was immediately assessed; however, the diagnosis was missed and the patient was cleared to return to play. Due to persistent symptoms, the patient was reevaluated and the diagnosis was made. Two players (major league and collegiate) underwent surgery during the season and missed 28 and 25 games, respectively. One minor league player missed 36 games of a new season recovering from surgery. The median time between injury and surgical treatment was 33 days (range, 3 to 270 days). The median time between surgery and return to play was 5.7 weeks (range, 4.3 to 10.4 weeks). One minor complication was noted in one patient who experienced scar hypersensitivity. The short-term career impact of hook of hamate fractures on competitive baseball players is summarized in Table 3 .
Discussion
Baseball players are susceptible to a number of characteristic upper extremity injuries including rotator cuff impingement, osteochondritis dissecans of the capitellum, and medial collateral ligament injury of the elbow in pitchers [12, 22] ; mallet finger injuries in fielders [18] ; and hook of hamate fractures in batters [3, 7, 17, 23-25, 27, 28] . Initial accounts of hook of hamate fractures portrayed this injury as rare, in individuals who either fell on an outstretched hand or struck the ground while swinging a golf club [3-5, 23, 25, 28] . In a review of the literature conducted by Bishop and Beckenbaugh in 1987, hook of hamate fractures were believed to account for less than 2 % of carpal fractures [3] .
More recently, the incidence of hamulus fractures among the general population has been quoted to be between 2 and 4 % of all carpal fractures [24] . However, the true incidence of this fracture may be higher than reported due to the possibility of missed diagnoses [17] . The body of the hamate is located dorsally and on the ulnar aspect of the carpus. Its hook (also known as the hamulus) is a long, thin structure that projects radially and volarly to the hypothenar eminence. The hamulus serves as an attachment site for the transverse carpal ligament, pisohamate ligament, flexor digiti minimi, and opponens digiti minimi [25, 28] . Owing to its anatomic proximity, an acute or chronically non-united displaced hamulus fracture may impinge on the adjacent branch of the ulnar nerve or tendons [16, 19, 27, 28] . These sequelae lend support to early operative treatment. In this study, three out of seven patients exhibited signs and symptoms of ulnar nerve neuropathy at the wrist, including a positive Tinel's sign at Guyon's canal, and were subsequently diagnosed with ulnar tunnel syndrome (UTS). The diagnosis of UTS based on Tinel's sign alone may not be the most appropriate confirmatory study during the workup of ulnar neuropathy at the wrist. However, in the context of hook of hamate fractures and the proximity of Guyon's canal to the hamate, Tinel's sign was thought to be suggestive of UTS. The diagnosis of UTS is often made by a combination of the clinical impression and imaging findings, whereas electrodiagnostic tests are usually used to confirm the diagnosis [1] . Another potential consequence of a hook of hamate fracture is damage to the adjacent flexor tendons. A sharp bony fragment may irritate the adjacent flexor tendons, eventually fraying or completely rupturing either flexor digitorum profundus or superficialis [16, 19, 27, 28] . We did not see this complication in any of our patients, although at times, many months had passed between injury and surgery.
Compared to the base of the hamate, the hook of the hamate has fewer and smaller vascular foramina, and therefore the relatively poor blood supply to the hook is a contributing factor for fracture nonunion [13] . The results of this study are in agreement with the current literature, which suggests that surgical excision of a hook of hamate fracture produces favorable outcomes with minimal complications and a quick return to play in competitive athletes [23-25, 27, 28, 30] . Parker et al. presented a series of five patients with hook of hamate fractures. Four patients were professional baseball players. The players that were diagnosed with the fracture during the season and underwent surgical excision of the fragment were able to return to play within 6 weeks [23] . In our study, the two players that elected to have the surgical excision of the fragment midseason missed 25 and 28 games spanning 4 to 6 weeks. Demirkan et al. investigated the biomechanical implications of hook excision in a cadaveric study [9] . The results indicated that hamulus excision resulted in a decreased flexor digitorum profundus force across the long, ring, and small fingers. The magnitude of the force reduction varied depending on the position of the wrist and was enhanced with wrist extension and ulnar deviation. Furthermore, the excision produced increased excursion of the flexor digitorum profundus tendons as they became more lax and shifted to the ulnar aspect of the wrist [9] . Despite these cadaveric findings, none of our patients complained of any postoperative grip weakness or other clinically meaningful activity limitations, although it would have been useful if these objective findings were obtained in our patients.
The mechanism leading to fractures of the hook of hamate remains quite predictable in racquet sports and sports that involve clubs or bats, such as tennis, baseball, cricket, and golf [3, 17, 23-25, 27, 28] . While baseball players are the athletes of primary interest in this study, cricket players and golfers can also acquire this injury through a similar mechanism [2, 16, 20, 24] . Although in two instances injury was attributed to a rogue pitch, i.e., the batters were hit directly by a pitch on their hand, the results of this study support the conclusion that it is the hand that abuts against the end of the bat that is most vulnerable to injury [3, 24] . All of the right-handed batters injured their left hand while all of the left-handed batters injured their right hand. In one instance where the batter was a switch hitter, injury was sustained in both hands by switching back and forth between right-and lefthanded batting stances. It is unclear, however, whether all fractures are the result of repeated microtrauma or an acute traumatic incident.
Other studies have proposed alternative surgical and nonsurgical treatments for these fractures such as open reduction and internal fixation (ORIF), splinting/casting, and ultrasound therapy [10, 15, 25, 31] . ORIF of hamulus fractures is aimed at restoring the native anatomy and function of the carpal bone. Scheufler et al. compared three patients that underwent ORIF to four patients that underwent fragment excision for hook of hamate fracture. The patients who underwent ORIF demonstrated significantly higher grip strength values postoperatively. These results however cannot be attributed to the surgical procedure alone due to the small sample size and marked age difference between the ORIF (44.5 years) and excision groups (20.3 years) [25] . Although ORIF may potentially yield improved postoperative grip strength for patients with these fractures, the recovery period is twice as long as fragment excision. The three patients treated with ORIF received a lower arm cast for 2 weeks postoperatively followed by physiotherapy and limited use of the hand for 6 weeks. Therefore, the utility of ORIF for hamulus fractures may be limited to the off-season in athletes, who generally desire quicker return to play.
Non-operative treatment should be discussed for those players who prefer to delay surgery. The risks associated with this decision however should be discussed in detail. At least three of our patients continued to play with the injury throughout the season (Table 3) . Ultrasound therapy has some reported success. A case study of two baseball players with hook of hamate fracture nonunion 5 and 3.5 months post-injury were successfully treated with ultrasound therapy. The patients received therapy for 20 min a day for 4 months and were limited to daily activities during this time. Bone union was confirmed with a CT scan, and neither patient reported any pain or complications at a 1-year follow-up [15] . However, these athletes were 15 and 16 years of age and began treatment many months after their injury. Furthermore, it is possible that within the 4 months the fractures healed independently of the ultrasound therapy. Professional athletes may find it difficult to comply with strict and prolonged treatment guidelines due to time constraints and a hectic playing schedule, making this a less preferred treatment option.
The limitations of the study include the small sample size and a retrospective study design. In addition, patient rated outcomes such as a visual analog pain scale or QuickDASH were not available primarily because, in our experience, competitive athletes do not return for follow-up unless complications develop. Rather, we used game log records on the official team websites as surrogate markers of patient function. We believe that this method of tracking patient progress is sufficient given a primary aim of treatment, i.e., return to play. The surgical procedures performed for these athletes were not compared to other methods of treatment, such as short arm splint casts or ORIF. Also, the player's hand positioning on the bat and the mechanics of their swing were not evaluated. Lack of data in this area raises the question about whether or not the injured baseball players were more susceptible to this injury due to unique anatomy or swinging techniques.
In conclusion, hook of hamate fractures remain a stubborn problem among competitive baseball players. The results of this study affirm the evidence that hook of hamate excision and ulnar tunnel decompression provide good outcomes, with minimal complications and relatively early return to play. Further research aimed at preventing this predictable injury is warranted.
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